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*Figures were obtained by actual canvass carried out by authorities of Federal or State agencies. 
7 Grand total represents both the actual collected statistics, the calculated interpolations, and, 
in a few cases, is based on incomplete records such as those for 1941. 
Certain qualifications for the statistics are as  follows: 
(1) Source of the general summary of statistics from 1887-1935, excluding Canada (see report on Canada for explanation of records), is from Johnson (1938). 
(2) Data for other years than those with definite statistics have been supplied 
by interpolation; that is, by assuming the increase or decrease during the 
elapsed period between those years for  which data are available was in the 
same ratio for each successive year during such period. I n  addition, interpola- 
tions based on percentage of the shad catch for each of the South Atlantic 
'States (1880-1945) were calculated from available statistics in order to obtain 
an  estimation of the subsequent trend from 1946-1949 for this section. 
(3) For a more accurate index of the statistics upon which the trends are based, 
see the catch records for each State in the respective reports. Note also the 
source of individual records. Some are more reliable than others. In general, 
the methods and degrees of effort in collecting catch data have varied from 
year to year, census-takers for fishery statistics have often changed from year 
to year, and information may be gathered in more complete form in some years 
than in others. In some cases, the reported catches are but a small portion 
of the actual Iandings. 
(4) It is obvious that  unusual fluctuations in those years for which data a r e  
Iacking will not be recorded in the above treatment; however, for the purpose of 
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indicating the general trends the results should be satisfactory. 
(5) Commercial statistics can not be interpreted accurately to show the natural 
abundance of shad. They show fishing intensity and they indicate periods 
of decline and increase in commercial production. Sudden changes in the 
records that  a re  not economic in nature may reflect natural fluctuations in  
shad, if such phenomena occur; but they more probably indicate how available 
shad are to fishermen. 
SUMMARY 
SHAD FIS'HtERIES OF NORTH A,MEiRIlCA 
(1) Introduction. During the past 50 years the relative productivity and 
value of the shad fisheries of North America decreased as reflected in the record 
of the commercial catches. The United States catch of shad aggregated almost 
50,000,000 pounds in 1897, a t  which time i t  was a growing, valuable industry. 
However, the catch had dwindled by 1935 to 8,000,000 pounds, and the fisheries 
ranked 21st in volume and 11th in value among the Atlantic coast fisheries. 
T'he shad fisheries in 1949 ranked 38th in volume (about 11,000,000 pounds), and 
26th in value (about $1,636,000). The reasons for the decline in  production 
are  due to many conditions that  are biological and socio-economic in nature. 
(2)  Natural History. The American shad, Alosa sapidissirna (Wilson), is  the 
largest, best known, and one of the most valuable members of the herring family. 
The female is  larger than the male, the average difference i n  weight being more 
than a pound. Males average about three pounds, while females average four and 
one half pounds in weight. On the Pacific Coast, where shad were introduced 
from the Atlantic Coast, they are  said to average a pound or more heavier than 
on the Atlantic. Shad are  distributed from the Gulf of St. Lawrence to Florida, 
being in greatest abundance from North Carolina to Connecticut. On the Pacific 
Coast, they are found from southern California to southeastern Alaska. 
The annual migrations of adult shad, upon which the seasonal fisheries a re  
founded, from the sea to fresh water in coastal rivers, is for the purpose 
of reproduction. The fish ascend waterways suitable for spawning above tide- 
water and occupy several weeks in depositing and fertilizing their eggs. T'he 
young hatch and remain in fresh water until autumn, after which time, when 
they are  three to five inches, they descend streams to the ocean. They do not 
return to fresh water until they a re  three, four, or five years old. Shad are  believed 
to return to  spawn in the stream in which they were hatched. Tagging and scale 
studies have generally substantiated this belief. The life of shad in the ocean 
is little-known, although off the Gulf of Maine they congregate in summer and 
early fall in  large numbers, presumably for feeding. Young shad possess teeth 
in  their jaws, whereas adults do not. The former feed upon microscopic crustaceans 
and insects, while the latter feed upon minute crustaceans, and, rarely, upon worms, 
small fishes and large organisms. The adult is considered a plankton-feeder, but 
in  fresh water feeding is restricted, although they readily strike a t  artificial 
lures. As a resuIt, they have become the object of a sports fishery. Age, growth, 
and condition of shad can be determined in certain circumstances by the study 
of the pattern of ridges and grooves on scales. In  addition, a fresh water mark 
is visible and spawning marks can be discerned on scales. 
(.3) Methods of Fishing. The commercial production of shad depends an three 
principal methods of capture: (a)  gill-nets, which account for about one half 
of the catch of North America; (b) pound nets, which account for about one 
third of the catch; and (c) haul selnes which account for most of the remainder. 
All of these gears operate during the spring migrations; some catch shad 
incidental to other species. Pound nets are used in open waters, such as  
Chesapeake Bay, while gill nets and seines are used in rivers. Purse seines, used 
primarily in New England mackerel fisheries, take considerable quantities of small 
shad during the summer. Among other types of gear that  take shad are:  floating 
traps, fyke nets, weirs, dip-nets, and otter trawls. 
(4) Floridcu. The shad fisheries of Florida are  supported by two rivers: 
St. Johns and St. Marys. The season opens during mid-December and extends 
until mid-April, during which time shad are  taken by drift gill nets. A sport 
fishery for  shad has developed around DeLand. Shad production has declined i n  
recent years to almost one seventh of the catch of the fisheries 50 years ago. Shad 
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fry have been stocked in the rivers, but without success. No factor has aecn 
proved as  responsible for the decrease. Aside from regulations controlling the 
size of mesh, there is no specific management program for restoring the shad 
in the State. 
(5) Georgia. The shad rivers of Georgia, which include the St. Marys, 
Satilla, Altamaha, Ogeechee, and Savannah, have remained relatively unchanged 
during the past half century, although a sharp decline in production has occurred 
in recent years. Up to 1936 hatchery-reared shad f r y  were stocked i n  various 
rivers, but no beneficial results were observed. Aside from certain general laws, 
a weekend rest period during the open season is the only management measure 
enforced. There is no closed season on taking shad by rod and reel on the Ogeechee 
River. 
( 6 )  Sou th  Carolina. The bulk of the shad taken in South Carolina i s  caught 
in the Winyah Bay area, although Combahee, Ashepoo, Santee, Savannah, Edisto, 
Black and Sampit rivers also figure in the fishery. In  recent years the annual 
production of shad has been about one fourth of that  of 50 years ago. Investiga- 
tions indicate, though somewhat inconclusively, that  overfishing has been responsible 
for the decline, particularly so in  the unpo1lut;ed and unobstructed Edisto River. 
Spawning marks are said to be lacking on So~zth Carolina shad scales, indicating 
that  there may be only one spawning migration. Although a controlled-catch shad 
management program was recommended to the State, the weekend rest period 
is the only important restoration measure now in force. 
('7) North  Carolina. At one time the shad fisheries of North Carolina were 
among the most important on the Atlantic coast. A t  present shad are taken in the 
Cape Fear, Neuse, Tar-Pamlico, Roanoke, and Chowan rivers, but the most 
important fishery is in Albemarle and Croatan sounds, the shad being taken 
by means of gill nets, pound nets, fyke nets, and haul seines. They are reported 
to use the Goldsboro fishway located on the Neuse River. Shad are caught from 
February and March until late spring. I n  recent years they have declined to about 
one eighth of the production of 50 years ago. The factors responsible for  the 
decline have not been demonstrated. Artificial propagation did little, if anything, 
to stem the decline. There is a Sunday interdiction against fishing during the 
open season period. 
( 8 )  Virginia. The commercial yield of shad in Virginia is obtained mainly 
in Mobjack Bay, in the James, York, Pamunkey, Mattaponi, Rappahannock and 
Potomac rivers, and in lower Chesapeake Bay, the shad making their appearance 
in early March. In  the upriver fisheries, the fishermen seem to work only on a 
part-time basis. Some sport fishing for shad occurs in the Chickahominy River. 
The production of shad recently has declined by about one third. Investigations 
have suggested that  overfishing is responsible for the decline, but some observers 
feel that perhaps natural fluctuations in abundance may be responsible. The 
limited operation of shad hatcheries, which is still carried on, has not proven 
their value to date. A cleanup campaign on polluted rivers, and enforcement 
of present regulations are the only management measures carried on a t  present. 
(9) Maryland. Shad are harvested in  Maryland waters in  essentially the  
same areas in Chesapeake Bay and i ts  tributaries a s  50 years ago. The lower 
central region of the Bay is the location of the most valuable pound net fishery. 
The Choptank and Potomac rivers are among the most important fishing areas. 
Shad are taken principally by drift gill and stake gill nets, fykes, bow-nets, and 
haul seines. In addition, shad are taken by the sport fishermen (in the Susquehanna, 
Potomac, and Patuxent rivers), and by unlicensed, small-scale fishermen a t  the 
heads of rivers. Shad have declined to one fourth of their former high yields 
within the last 70 years; the factors that a r e  responsible are not well defined, 
although injury to nursery areas, overfishing, and, to some little extent pollu- 
tion may be responsible in specific cases. Natchery-reared sbad f ry  have been 
stocked in  Maryland streams since 1871, and they are  still being planted each 
sprlng. The measure has not had noticeable effect on restoring the fishery. Actually, 
there has been a decline during the stocking period. In  1942 there was put into 
effect a controlled-catch fish management plan. It was designed primarily to 
restore the runs of shad through stabilizing the fishing rate by limiting the 
number of fishermen and gear. Coincident with the plan's enforcement a slight 
upward trend in production has taken place. 
(10) DeEaware. The locations of the current shad fisheries of the State 
of Delaware are but slightly changed from the industry of 50 years ago. They 
are prosecuted principally in the Nanticoke, Delaware River and Bay, and tribu- 
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taries entering them. Fishing begins from mid-March to the first of April. Pollu- 
tion from industrial areas is suspected as being responsible for a decline in pro- 
duction which is less than 10 percent of the peak of 50 years ago. Stocking of shad 
f r y  was carried out from 1881 to1923, but with no beneficial effects. The only 
recent attempt to restore the fishery has been by cleaning up pollution in the 
Delaware River. A week-end rest period from fishing is enforced by State authorities. 
(11) New Jersey. The New Jersey shad fisheries are divided between the 
Delaware and Hudson rivers, the bulk being taken in the latter river. However, 
some are taken in the Atlantic coast bays and rivers. Gill nets, pounds, haul 
seines, and otter trawls all take a portion of the catch. Although overfishing 
has been suggested (1938-1948) as  being responsible for the decline in the rivers, 
later investigations indicated that  pollution in these rivers was responsible for  
curtailment of the supply of shad, through causing a deficiency of oxygen which 
inflicts a heavy mortality on eggs and young shad during and after the spawning 
period. Recent studies, in the Hudson River, indicate that  85 percent of the fluctua- 
tions in abundance result from the numbers of shad allowed to spawn. An 
intensive cleanup campaign in the rivers is being carried out a t  present. The 
stocking of shad f r y  from 1875 to 1941 was unsuccessful in stemming the decline 
in production. During the last few years the Delaware River shad management 
act, a controlled-catch plan to  be enforced by New Jersey, Pennsylvania, Delaware 
and New York, has been advocated as a restoration measure, but not all of the 
states bave adopted it. Three or more dams have been proposed for the Delaware 
River, one to be 150 feet high. Government fishery authorities have recommended 
thc t  construction plans include fishways for all three dams. 
(12) Pennsylvania. The shad fisheries of Pennsylvania have been located 
in the Susquehanna and Delaware rivers and their tributaries. After the con- 
struction of Conowingo Dam in 1928 shad were not able to enter the Pennsyl- 
vania portion of the Susquehanna. Although shad are still caught in Dela- 
ware River, the Pennsylvania portion of the catch is so small that  i t  is not 
reported in Federal statistics. Except for the lower Delaware ,River the shad 
size, importance, and socio-economic significance are difficult to assess. This section, 
however, produced over 75 percent of the reported total catch for the State; there 
was a severe decline after 1920; due Iargely to failure in spawning. In  the spring 
of 1952 shad were released above the dams now located in the Susquehanna Rlver 
in a pilot study to determine the feasibility of restoring shad to  the river by 
transportation around obstructions. The Interstate Commission on the Delaware 
River has considered shad management as  an  element in its plans for the rehabilita- 
tion and development of that  stream. 
(13) New York. Most of the shad from New York is obtained by haul seines, 
gill nets, and pound nets, from the Hudson River, which is  divided into the 
upper and lower fis'hing areas, the latter embracing New York City. Some shad 
a r e  taken from Long Island Sound by otter trawls. Most New York shad enter 
the fis'hery in early April. The yield of shad in the years 1880-1901 averaged 
over 3,000,000 pounds, but i n  the period 1904-1935 it averaged 270,000 pounds. 
There was a spectacular restoration of the fishery between 1936 and 1943, when 
the average annual production was 3,200,000. Some biologists attributed the up- 
surge to the principle of controlled-catch in effect. A slump occurred from 
1944 to 1949, when the average annual yield was only 1,700,000 pounds. Over- 
fishing was a t  first blamed for the decline, but pollution was demonstrated to 
kill eggs and young shad in large numbers, so that  the decline was then said to be 
due to a large scale failure in  the survival of the young. Recent studies hold 
tha t  most of the fluctuations in abundance result from the numbers of shad 
allowed to spawn. Some observers believe that  the conditions may be due to natural 
fluctuations in shad populations. 
(14) Vermont. Shad have not been reported from Vermont waters for more 
than 100 years, the small fisheries on the C"onnecticut River in this State being the 
earliest destroyed by dam construction. The Holyoke Dam, in Massachusetts, 
built in 1849, cut off upstream migration of shad. 
(15) Connecticut. The principal fisheries for shad in Connecticut are located 
between the mouth and a point 10 miles above Hartford on the Connecticut 
River. Shad are reported in the fishery about mid-April. The harvest is taken 
by drift gill nets and haul seines; a few pound nets are Iocated near the mouth. 
In recent years boned shad has become an important commodity along the river, 
causing a considerable change in the economic conditions of the fishery. An 
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important sport fishery is located a t  Enfield Rapids and a t  Holyoke, Massachusetts. 
No definite information is  available on the factors causing successive periods of 
scarcity and abundance of Connecticut River shad; there has been no spectacular 
decline in production for Connecticut shad a s  in other states. Recent studies hold 
that  83 percent of the fluctuations in production of shad result only from the 
numbers of shad allowed to spawn each year. Shad f r y  were stocked from 1890 to 
1938 without apparent effect on the fishery. Despite this, shad fishermen requested 
in 1950 that  a hatchery for shad be constructed. The major management measure is a 
weekend rest period written into the law by commercial fishermen in 1949. (16) Rhode Island. In  Rhode Island waters shad are  caught incidentally 
in  apparatus set for other species, except in Warren River where shad are  taken 
in pound nets. Thus shad are reported from box and floating traps, and otter 
trawls. Dams and pollution are held responsible for  the shad decline. From 1874 
until 1904, shad f r y  were stocked in various rivers, but the measure did not aid 
the fishery. No further efforts have been made to improve the fishery. 
(17). Massachusetts. Shad are harvested on the coast of Massachusetts, the 
catch being incidental to other ocean species. A t  one time shad were taken in  
quantities in bhe Merrimack and ~Conneoticut rivers in the State, but dams have 
cut off the migratory movements, particularly in the latter river. In  the Merrimack 
River shad are  known to  pass a fishway in the Essex Company dam a t  Lawrence, 
but are halted by another dam a t  Lowell. The new fishway has been constructed 
on the Holyoke Dam on the Connecticut River; an oIder one built i n  1940 was not 
used by shad. Small, immature "fat" shad about 13 inches long are  sometimes taken 
in weirs in the Atlantic Ocean in  early summer. Other shad are caught i n  gill 
nets, pound nets, purse seines, haul seines, floating traps, and otter trawls, the 
spring migration beginning about mid-April. The annual yields show rather 
erratic fluctuations. 
(18) New Hmpshire .  Shad have not been reported in New Hampshire inland 
waters for more than 50 years, although they are taken off the coast in the ocean 
incidental to other species. The production has been negligible. 
(19) Maine. The inland shad fisheries of Maine, although never extensive, 
were largely eliminated by dams. The Kennebec River, where shad are caught 
beginning in May, continued to flourish for many years after shad had all but 
become extirpated in other rivers. The offshore fishery is made up of (a)  "fat" 
immature shad in spring, (b) adult spawned-out "fall" shad in autumn, and 
(c) a small catch of small shad with herrings in summer in  offshore weirs. At 
present a small stream is being improved for shad; otherwise no effort is being 
made to rehabilitate the shad fisheries. 
(20) Emtern Canada. The shad fisheries of Eastern Canada are found 
chiefly near the mouths of four rivers tributary to  the Bay of Fundy, on the 
Atlantic Coast of Nova Scotia, and to a lesser extent in Quebec and in Prince 
Edward Island. Shad are caught in spring in  drift gill nets, while i n  autumn 
they are taken in weirs and drift nets a t  other locations. The production of shad 
has shown a peak, a decline, and a succeeding peak. Whether such fluctuations are 
due to differences in the size of the migration or to other factors is  not known. 
Dams on certain rivers are considered important reasons for the decline in 
production. A weekend rest period from fishing, in addition to  other laws, in 
most eastern Canadian areas are  rigidly-enforced management measures. 
(21) Pacific Coast. Shad were introduced into the Sacramento River from 
the Atlantic in 1871. By 1904, they were recorded in Alaska, and by 1918 were 
found as  f a r  south as  San Diego, ranging along 3,000 miles of coast line. 
(22) ALaska. Shad are not taken in Alaska in quantities sufficient to  rank 
as an important commercial species. They have been recorded a t  Karlak on Kodiak 
Island, and a t  Kasilof on Cook Inlet. 
(23) British Columbia. Shad were taken in British Columbia a s  early as 
1876. At  present they are taken in the Fraser River by means of gill nets, 
and in numbers off Vancouver Island in purse seines. As yet they are  not so abun- 
dant as to be reported in the commercial fishery. 
(24) Washington. Shad were first recorded in Washington State in 1876. 
They had increased by 1892 to the point that  commercial catches were recorded, 
mostly from Puget Sound, Gray's Harbor, and the Columbia River, from gill nets, 
otter trawls, and dip bag nets. Minor sport fisheries for shad are located in 
rivers where spawning occurs. A slight rise in  production occurred during the 
past 50 years, but definite fluctuations (a t  both high and low levels of production) 
have occurred. Shad meat and roe are canned; a t  one time iced shad was shipped 
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to the eastern coast of the United States. Floods are  known to render shad fishing 
impossible, thereby cutting production. 
(25) Oregon. The shad fisheries of Oregon began in 1882; since then, con- 
siderable runs are recorded in  the Umpqua, Coos, Siuslaw, Coquille, and Columbia 
rlvers, the last being shared with Washington. Gill nets are the only legal 
gear used a t  this time for taking shad, although Indians are allowed to use 
dip bag nets. A certain amount of sport fishing for shad takes place in the 
Columbia River. In  the latter river the commercial production of shad is incidental 
and supplemental to the salmon fisheries, which are marketed a t  higher prices. In 
recent years shad have increased to an  all-time high. Despite the high production, 
i t  has been the policy of the State to stock shad f ry  in rivers as late as  1948, 
Among the laws controlling fishing is a weekend rest period. 
(26) California. The shad is  a minor commercial species in California. Fishing 
centers are located in the San Francisco Bay, Sacramento and San Joaquin 
rivers, and along the ocean front. The salmon net fishery fleet of about 225 gill 
net boats conduct all of the commercial shad fishing in State waters coincidentally 
during the spring salmon run. Sport fishing occurs in almost every spawning 
river. Little effort is spent on management of shad. Reclamation irrigation projects 
in certain rivers may destroy eggs and young shad and certain other species, 
hence efforts are being made to construct a juvenile fish-collecting system and a 
by-pass a t  these locations. The pr~duction of shad has maintained a high level, 
with a slight decline in recent years. 
(2'7) Decline. The decline in the shad fisheries has been attributed to four 
principal causes; (1) pollution of rivers, which act chiefly through the killing of 
eggs and young fish; (2) siltation of rivers which destroys spawning areas 
and smothers eggs; ( 3 ) .  dams, which cut off favorable freshwater areas from 
approach by adult fish in some rivers; and (4) overfishing, which may lower 
the population below an effective breeding potential. While fair  to conclusive 
cases can be built up for any one of these causes on one or more selected river- 
systems, none of them singly and perhaps not all of them collectively can be 
made to account for the general decline in Atlantic Coast shad fisheries. For this 
reason a natural biological cycle has been postulated to account for the observed 
facts, but there is  no evidence for the hypothesis. Natural catastrophes, parasites, 
predators, and other minor factors affecting fish populations have not been con- 
sidered as important to the shad problem by responsible biologists. 
(28) Mama.gement. Shad fishery management is the attempt to regulate the 
stocks of fish by such means as  limiting the number of fishermen and gear, setting 
fishing periods, stocking f ry  and fingerlings, and manipulating environmental and 
artificial conditions to insure a greater production of fish. The stocking of shad f r y  
has proved not to be a success in rehabilitating shad runs. Cleanup of pollution, 
and rehabilitation and development of optimum conditions in the environment, 
gives promise of restoring shad runs in certain rivers. Setting of seasons pre- 
sumably has allowed some escapement of brood stock. A few fishways have 
perhaps saved runs on a limited scale above dams which would otherwise have 
destroyed them. The "controlled-catch" shad management plan attempts to control 
the fishing rate by restricting the number of fishermen and gear by a licensing 
system. Since the plan has been in use in Maryland for only ten years, the effects 
of the measure have not been fully evaluated. 
(29) Artificial Propagation. The artificial propagation of shad began in 1848 
and was intensively carried out during the late 1800's. It was then generally re- 
garded as  the principal means for augmenting shad production, although i ts  
effects were never formalIy tested. Over the years the stocking of f r y  and 
fingerlings has not perceptibly increased shad runs in any of the rivers in which 
the fish were stocked. It appears that  the hatchery effort, even in peak years, 
is of small magnitude when compared with natural reproduction in rivers. 
(30) Fishways. Fishways are not considered to be greatly successful despite 
the passage of shad a t  Bonneville Dam in Oregon and Washington, a t  the Essex 
Company a t  Lawrence, Massachusetts, a t  Holyoke Dam in Massachusetts, and the 
Goldsboro dam in North Carolina. A t  BonneviIle Dam the fishway consists of 
( a )  a collecting system, (b) an auxiliary water flow, (c)  a fish ladder, (d)  a 
fish lock, and (e) special fingerling bpasses.  The Lawrence fishway consists of 
(a) a rounded fishway entrance, (b) low velocities of water, (c) absence of jump a t  entrance, and (d) easily negotiable ladder. The Mugnier fishway at 
Holyoke Dam, Massachusetts, is a pressure duct type connecting tailwater below 
the dam to headwater above. Any future fishways a t  existing or proposed dams 
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must be designed according to conditions existing a t  a given dam site. A full 
study of the long range economic soundness of such fishways must be carried 
out before making any final decision a t  installation. 
(31) Socio-Economics. The socio-economic picture of the shad fisheries was 
early conditioned by the demand of settlers for a cheap, readily available source 
of nutritious protein. As the population of the United States increased, fisheries 
expanded. A commercial fishery developed with the passing of frontier con- 
oitions and the rise of towns and cities. Markets, transportation, and numbers 
of fishermen and gear increased in a direct ratio. Technical progress in the shad 
fisheries has lagged behind, and gear and fishing methods have not changed much in 
the last 100 years. Economic incentives have become weaker and restrictions 
in fishing have become stringent. Declining popularity among consumers, and 
competition with other seafoods have contributed in recent years to the decrease 
in marketing of shad. 
(32) Trend of Production. The trend of shad production in North America 
depends to  a big degree on the demand at a price and the profit motive associated 
with the shad fisheries. It probably reflects changes in fishing intensity as  well a s  
changes in availability of shad. From 1887-1910, the period of high production, the 
average annual catch was 38,000,000 pounds, but from 1911-1949, the period of 
low production, the average annual yield was roughly 10,000,000 pounds. The 
period of high production was accompanied by few legal restrictions and by 
intensive fishing presfsure, anid was spurred on by a strong demand for shad, by high 
profits, and by newly-developed means of transportation. Conversely, the low 
production period was accompanied by legal restrictions, and particularly by a 
decline of shad due to  various factors and by the loss of fishermen from the shad 
fisheries to the highly industrialized, high-paying, and more secure occupations 
on the Atlantic Coast. 
(33) T h e  United S ta tes  Fish and Wildl i fe  Service in 1950 began an intensive 
six-year study of shad in the Atlantic coastal states under a special Congressional 
appropriation secured through the initiative of the Atlantic States Marine Fisheries 
Commission. The Shad Investigations Group, a part  of the Middle and South 
Atlantic Fishery Investigations section, is seeking to answer the following basic 
questions: (a)  what are the underlying causes of the decline of shad; (b) what 
ecological and economic conditions favor the recovery of runs; and ( c j  what basic 
information is required for the scientific management of the fishery leading to a 
maximum yield? The lack of sufficient funds has restricted activity to the Hudson 
River (1950), Connecticut and Delaware Rivers (1951), Chesapeake Bay (1952), 
and rivers of the southern states (1953). Preliminary studies in the Hudson and 
Connecticut rivers indicate that  a large portion of the fluctuations in production 
of shad results from too few fish being allowed to spawn. Recommendations for 
management of the fishery have been made and, if put into effect, they will eventually 
result in better catches. Such conclusions were made possible by a detailed analysis 
of catch statistics obtained by the states bordering the rivers. Statistics of total 
catch by species and value, and of the numbers and kinds of gear used to make the 
oatches, are necessary for such interpretations. I n  general, the objective approach 
and intensive effort by the U. S. I?. W. S., with some cooperation of state agencies, 
promise to provide reliable and useful answers to the problem of the shad fisheries. 
(34) Prognosis. There does not appear to be any known method of immediately 
restoring the former magnitude of the shad fisheries, in spite of the vast 
assemblage of miscellaneous knowledge about shad. The prognosis of the industry 
generally does not appear to be promising. I t  is doubtful that  shad production 
can be restored to the status of bhe late 19th century in tihe near future despite 
'management measures and other devices. 
BIBLIOGRAPIHY O F  AMEcRIOAN AND FOELEI~GN ISHADS 
The following list of references on shad is based on a careful assemblage of 
recent contributions appearing in the many technical journals and in publications 
of state and federal agencies. Most of them are cited in the preceding report. 
However, certain of them were unobtainable for reference purposes. The bib- 
liography is also based upon the compilations of Dean (1916-1983), MaoDonald 
(1921), and Leim (1924), the last a t  one time representing the most complete 
bibliography of shad extant. In  addition, the annual series of Biolog4clal Abstracts, 
T h e  Zoological Record, De? Zoologische Bericht, Readers Guide to Periodical Lit- 
erature, and the New York  Times Index, were consulted. 
An attempt was made to obtain all references pertinent to the biological and 
economic a s ~ e c t s  of the American shad, as f a r  as was practicable. Important refer- 
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(3) Indian shad, Hika (see especially the works of Devanesen, Hora, Hora and 
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